A retrospective audit was conducted to determine the safety, efficacy and patient satisfaction related to a preoperative autologous blood donation program for children and teenagers undergoing corrective surgery for scoliosis. Forty-five of the 77 patients donated the requested amount of blood. These 45 compliant patients had been requested to donate fewer units of blood than noncompliant patients (mean 4.0 vs 4.6 respectively, P=0.02). Twelve patients required allogeneic blood transfusion. Two patients had surgery delayed making the collected autologous blood unavailable. The extent of the operation was associated with the need for allogeneic blood transfusion. Six and a half percent of all donated units of blood were discarded. No major complications were reported. Overall, 93% of patients were satisfied with the program. With careful patient selection, good inter-departmental coordination and teamwork, preoperative autologous blood donation in paediatric patients undergoing extensive corrective surgery for scoliosis is safe and effective. FIGURE 2: The extent of surgery and need for allogeneic blood transfusion.
Corrective surgery for scoliosis is usually associated with significant blood loss 1 . Many techniques for blood conservation exist. They include meticulous surgical haemostasis and patient positioning to avoid venous congestion, controlled hypotension, regional anaesthesia, pharmacological methods, acute normovolaemic haemodilution, intraoperative cell salvage and autologous blood donation 2 . Preoperative administration of erythropoietin and iron supplements can be employed to increase the red blood cell volume 2 .
Autologous blood transfusion has many advantages. It eliminates blood-borne transmission of viruses, prions and parasites, avoids immune-mediated reactions, immunosuppression and alloimmunizations. However, it does not eliminate the risk of clerical error, bacterial contamination and many other non-immune-mediated reactions.
There have been previous reports of preoperative autologous blood donation (PABD) programs [3] [4] [5] [6] [7] . A recent patient survey showed that patients felt positive about their experience, but underestimated their chances of needing allogeneic transfusion 8 . A systematic review has shown that PADB decreases exposure to allogeneic blood but increases exposure to any blood transfusion 9 .
This audit is of a Hong Kong based PABD program established in November 1997 for scoliosis surgery at the Duchess of Kent Children's Hospital (DKCH) in cooperation with the Hong Kong Red Cross Blood Transfusion Service (HKRCBTS). The aims of the audit were to retrospectively evaluate the safety, efficacy and patient satisfaction of the program.
PATIENTS AND METHODS
Patients requiring corrective spinal surgery for scoliosis were identified at the Hospital's Orthopaedic Outpatient Clinic and referred to the Preoperative Anaesthetic Clinic. Those eligible, according to our established criteria (Table 1) , to participate in the PABD program did so after informed consent. Education involved pamphlets and a detailed discussion of the program by an anaesthetist with the patient and parents at the preoperative anaesthetic clinic. Iron therapy was commenced four to eight weeks prior to surgery depending on the volume of donation required. For anterior spinal fusion (ASF) two to three units were typically requested. For posterior spinal fusion (PSF) four to five units were typically requested. The exact amount depended on the patient's pre-donation haemoglobin level (Hb) and the extent of surgery. At scheduled intervals, the patients then attended the Hong Kong Red Cross Blood Transfusion Service (HKRCBTS) for blood donation. The donation schedule was governed primarily by the date of operation and the shelf-life of donated blood. Each donation was separated by a minimum of seven days, with the last donation no less than 72 hours before surgery. Prior to each donation, the patient's vital signs and Hb would be checked. Blood would not be collected if the patient was "sick" (e.g. upper respiratory infection) or if the Hb was less than 110 g/l. The volume of blood donated during each visit was based on the patient's estimated blood volume (EBV) and never exceeded 13% of the EBV and 470 ml. EBV was calculated on body weight at 71 ml/kg. There was regular communication between the HKRCBTS and the consultant anaesthetist/PABD hospital coordinator regarding the progress of each patient. If a patient developed problems during the donation period, the coordinator would troubleshoot and liaise with other team members, e.g. team surgeons, hospital blood bank, ward staff. Problems included those associated with low haemoglobin and low blood volume, failed venepuncture, difficulties with iron therapy, acute viral infections, vasovagal reactions, and changes in the scheduled surgical time or plan.
In the intraoperative period, anaesthesia was induced with fentanyl and thiopentone, and maintained with isoflurane, nitrous oxide and fentanyl. Muscle relaxation was induced and maintained with either rocuronium or atracurium. The patients were subjected to mild hypotension (with boluses of labetalol to maintain a mean arterial pressure of 65 mmHg) and spinal cord monitoring (somatosensory and somatomotor evoked potentials).
Perioperatively, patients were given blood transfusions if their Hb dropped below 80 g/l, or if they were symptomatic for anaemia. Symptoms of anaemia included tachycardia, metabolic acidosis despite adequate circulating blood volume, and postoperative patient dizziness and lethargy.
Allogeneic blood was given if no autologous blood was available. We sought to maintain the patients' Hb between 90 and 110 g/l prior to discharge from hospital. Iron sulphate was prescribed if the Hb was less than 110 g/l. If the Hb exceeded 110 g/l, any remaining autologous blood was discarded.
The following data were collected: age, weight, sex, medical illnesses, type and extent of operation, number of autologous blood units requested, number of autologous blood units yielded, any deferrals from scheduled blood donation appointments and reasons for deferrals. Haematological data included: preautologous blood donation Hb and haematocrit, hospital admission Hb and haematocrit (i.e. postautologous blood donation), total blood loss as a percentage of EBV, and hospital discharge Hb and haematocrit. The transfusion data collected were: total number of autologous blood units transfused and discarded, number of allogeneic blood units transfused, and the presence of any transfusion complications. 776 Safety was defined by the frequency and type of any adverse reactions occurring during the PABD program (i.e. during blood donations and transfusions).
PREOPERATIVE AUTOLOGOUS BLOOD DONATION
Measures of efficacy were patient compliance with the autologous blood donation schedule, desired versus actual yield of donated blood, usage, wastage, sufficiency of PABD blood, and failure of the program. Failure of the program was defined as: inclusion of patients who could not finish the program due to complications or cancellation, and patients who required allogeneic blood.
Before discharge, a simple questionnaire was given to all patients/parents to obtain their feedback of the entire PABD program from the donation phase to the postoperative phase. The following questions were asked:
"Were they satisfied with the overall program and their reasons?" "Did they experience any symptoms during the program?"
"Did they receive adequate information about the program?" "Would they use PABD again for future surgery?" and "Would they recommend PABD to their relatives for surgery?"
Statistical Analysis
Student's t-tests were used to examine the relationship between compliance and age, weight and blood units requested. The factors associated with allogeneic blood transfusions were analysed using Student's t-test, Mann Whitney U test, χ 2 or Fisher's Exact test as appropriate. Repeated measures analysis of variance (ANOVA) was used to examine the differences in Hb concentration and haematocrit across time (predonation, hospital admission and discharge) between and within patient groups requiring and not requiring allogeneic blood transfusion. Values are reported as mean±standard deviation (SD) or median and range. Level of significance was set at P<0.05. All analysis was done using SPSS version 10.0.
RESULTS

Demographics
Eighty children and teenagers (up to and including 18 years of age) who underwent elective corrective surgery for scoliosis with PABD between November 1997 and October 2000 were included in this study. However, five were withdrawn from the program. The reasons for withdrawal were hepatitis B carrier status (n=2), operation cancelled (n=2), and patient self-withdrawal from the program after initial consent (n=1).
Of the 75 patients, 11 were males and 64 were females. The mean age was 14 years (±1.9) and the mean weight was 44±7.6 kg. The mean haemoglobin concentration at predonation was 135±10 g/l, at hospital admission 117±10 g/l and at discharge 113± 14 g/l. The median units of blood requested was four (range 2 to 6). The median blood loss was 1201 ml (range 406 to 4082) and the median EBV loss was 40% (range 14.5 to 124).
Of the 75 patients, 53 underwent posterior spinal fusion, 18 had anterior spinal fusion, and four had combined anterior and posterior spinal fusion. In 67 patients where the extent of the operation was documented, the number of vertebral levels ranged from 3 to 15.
Compliance
Forty-five of 77 patients (includes the two patients who had their operations cancelled) were compliant, i.e. numbers of blood units requested were equivalent to the achieved yield. There was no significant difference in mean age between compliant (14.1±1. Of the 32 patients who failed to complete the planned autologous donations ("noncompliant patients"), 12 were precluded by low haemoglobin concentration alone, and 15 by viral respiratory tract infection alone. The following is a complete list of reasons for deferral from scheduled blood donations: failed venepuncture (2 incidents); low haemoglobin (17 incidents); viral respiratory tract infections (20 incidents); tachycardia (1 incident); asthma (2 incidents); and abdominal pains (3 incidents). The median number of units short of the requested number of blood units was 1 (range 1 to 4).
Safety
The problems experienced during the program (total of 45 incidents), but not reasons for deferral, were tiredness and/or dizziness (13 patients), constipation (3 patients), iron therapy (5 patients) and the most severe complication was syncope while returning home after blood donation (2 patients). There were no deviations from the PABD program protocol.
There were no septic reactions or episodes of haemolysis.
Only two patients had hospital admission Hb concentrations of 100 g/l or less. One had a Hb of 100 g/l; the other had a Hb of 96 g/l. Neither required an allogeneic blood transfusion.
Factors associated with allogeneic transfusion
Sixty-three (of 75) patients did not require allogeneic transfusions. There was no difference in demographics between those requiring and those not requiring allogeneic blood ( Table 2 ). As expected, both Hb and haematocrit fell across time (predonation, hospital admission and discharge) but there was no significant difference between the groups ( Table  2 ). There was no difference in the need for allogeneic transfusion between compliant and noncompliant patients (Fisher's exact test P=0.34). The median number of units of autologous blood requested for donation was similar between those patient requiring allogeneic transfusion (4, range 2 to 5) and those requiring only autologous transfusion (5, range 2 to 6) (Mann Whitney U test z=-1.09, P=0.28). However, the blood loss (as a percentage of the EBV) was significantly greater in those requiring allogeneic blood transfusion than those not requiring allogeneic blood transfusions (Table 2) .
Of the 12 patients requiring allogeneic transfusion, 11 underwent posterior spinal fusion (Figure 1 ). The type of operation (ASF, PSF, or ASF+PSF) was not associated with the necessity for allogeneic transfusion χ 2 =3.11, P=0.21). However, the extent of the operation was associated with the necessity for allogeneic transfusion. Patients requiring allogeneic blood had more extensive surgery (mean 11 vertebral levels) than those requiring only autologous blood (mean 7 vertebral levels) (t 65 =-3.34, P=0.001) ( Figure 2 ). The median number of allogeneic blood units transfused was 2 (range 1-10).
The mean discharge Hb in patients transfused only with autologous blood, with no wastage was 112.5± 14.9 g/l. In patients transfused with only a proportion of their autologous blood with the remaining units being discarded, their mean Hb was 116.6±5.2 g/l. The mean Hb was 110.6±11.1 g/l in patients requiring transfusion of allogeneic blood. There was no difference in the mean discharge Hb amongst these three groups [F 2,72 cancelled. Autologous blood was discarded in 11 out of 77 patients (includes a patient who had a unit of blood discarded because of leakage). The total number of units of autologous blood donated was 279. Eighteen units (6.5%) were discarded (including one bag leakage). Excluding the two patients who had their operations cancelled, nine patients had autologous blood discarded. For these nine patients the median proportion of autologous blood units wasted was 1/3 (range 1/5 to 1/2). The mean haemoglobin concentration of these patients on discharge was 116.6±5.2 g/dl.
Failure of the program
Fourteen out of 77 patients failed the PABD program. Two patients had their operations cancelled after completing their blood donations. Twelve patients required allogeneic blood transfusions.
Patient satisfaction
Of the 75 patients, 70 expressed overall satisfaction with the PABD program. Two patients were not satisfied because they required allogeneic blood transfusions. One was not satisfied because there were problems with commuting to the blood donation centre. Two were not satisfied because of weakness and frequent blood-letting. All patients considered that they had adequate information about the PABD program.
Seventy-one patients said that they would use the PABD program again for appropriate surgery in the future. Seventy-three patients said that they would recommend PABD to their relatives.
DISCUSSION
This retrospective study shows that the PABD program for scoliosis surgery at our hospital is, overall, safe, effective, and well received by the patients. Proper patient selection, education, planning, and confirmed scheduling of operation dates are crucial to avoid complications or cancellation of a PABD program. A recent analysis of a PABD program in paediatric patients did not specify their patient selection criteria in detail 4 . In this present analysis, we initially included 80 patients. One patient decided not to proceed after giving consent and did not donate any blood. Another two patients, after giving written consent, were found to be hepatitis B carriers and were withdrawn from the program prior to donating any blood. These three patients were not included in any of the above statistical analysis. A further two patients underwent blood donation but then later had their operations cancelled and their blood was discarded.
The age and weight of a child was not a contraindication for participation in our PABD program, provided that the child could comprehend and was willing to cooperate. The youngest child in this study was nine years old, weighed 45 kg and donated three units of blood. The lightest child was 12 years old, weighed 27.5 kg and donated three units of blood. Neither child required allogeneic blood transfusion, nor suffered any complications related to the program.
The compliance rate of 58.4% (45/77 includes two patients with cancelled operations) is far lower than rates quoted in other countries 4 . The majority of noncompliant patients were excluded due to a low haemoglobin concentration or a viral upper respiratory tract infection. Non-compliant patients were requested to donate more units of blood than compliant patients. However, there was no difference in the need for allogeneic blood between the two groups.
The factors associated with a low haemoglobin level in non-compliant patients include the rate of erythropoiesis; the total body stores of vitamin B12, folate, and iron; the volume of blood requested; the time period during which blood must be donated; and the limited viable duration of stored blood.
At the start of our PABD program there was a tendency to request too many blood units leading to more wastage. Later, with experience, we were able to better match the required units to the extent of the operation.
The use of erythropoietin during PABD reduces the incidence of allogeneic blood transfusions 2 . However, the cost of erythropoietin is prohibitive, the lowest effective dose has yet to be determined, its administration would add another level of inconvenience and logistics, and there are concerns about an increased potential for thrombotic events 2 . It was not employed in our patients.
The most serious complications during this PABD program were two episodes of syncope, both occurring after blood donation. Neither patient required hospitalization. One patient was a 13-year-old boy who was required to donate four units of blood, the other was a 14-year-old girl who was required to donate five units of blood. The predonation and admission haemoglobin concentrations of the boy were 153 g/l and 154 g/l respectively. Those of the girl were 133 g/l and 106 g/l respectively. Both weighed 45 kg, had idiopathic adolescent scoliosis and were compliant. Neither required allogeneic blood, had excess blood discarded, or had problems with oral iron supplements. Both said they were satisfied with the program and would recommend it to a relative but the girl said she would not undergo it again.
Eleven patients had their unused blood discarded, including two who had their operations cancelled. Six and a half per cent (18/279) of donated blood units were discarded. This wastage rate compares favourably with other studies, where the wastage rates of donated blood units were 13% 3 and 15.6% 4 .
Our PABD program has no specific transfusion policy but the mean discharge Hb amongst the three groups was not different. If a lower Hb transfusion threshold was applied, then the number of autologous blood units requested would have been less, the compliance rate would have been greater, the wastage rate would have been less and the allogeneic transfusion rate would have been lower. Recent evidence suggests that a lower transfusion threshold of 7.0 g/dl could be safely tolerated 10 .
The overall failure rate of this program was 18% (14/77) and was due to two cancelled operations and 12 requiring allogeneic blood. The extent of operation was the only factor associated with the need for allogeneic blood transfusion.
No PABD program by itself has been shown to eliminate the need for allogeneic blood transfusions. To achieve such a goal, a PABD program will need to be combined with other techniques of blood conservation. Acute normovolaemic haemodilution and desmopressin acetate (DDAVP) have yet to be proven effective in orthopaedic surgery. DDAVP was associated with neither a reduction in the likelihood of allogeneic transfusion nor the number of units of allogeneic blood transfused 2 . The antifibrinolytics, aprotinin and tranexamic acid have so far only been shown to be effective in cardiac bypass surgery 2 . Nevertheless, our PABD program has significantly reduced the need for allogeneic blood transfusion in our group of patients. Previously most patients would have received allogeneic blood, now only 16% (12/75) do. This has eliminated the risk of allogeneic transfusion in 84% of our patients and has helped conserve banked blood for other patients.
A limitation of this evaluation of our PABD program was that the cost per unit of autologous blood was not calculated. Allogeneic blood is becoming safer, the risk of receiving virally infected blood is diminishing, but noninfectious immunological reactions will still occur. Using data tables 2 , in our study population (assuming a baseline risk of transfusion of only 50%) the number-needed-to-treat (NNT) to prevent one patient from receiving allogeneic blood is 3. The NNT to prevent one transfusion related HIV infection would be 602,410. However, the emotional well-being and sense of empowerment bestowed on the patients should not be belittled, nor the potential cost burden of treating a child with infected blood.
Our PABD program was only made possible by a coordinated multidisciplinary approach to achieve the best possible outcome following extensive spinal surgery.
We conclude that preoperative autologous blood donation in Chinese paediatric patients undergoing corrective surgery for scoliosis is safe, effective, and well received by the patients.
